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Abstract 
This paper aims to propose a novel charging method for the lithium-ion batteries with negative pulse charging theory. Firstly the 
second order Thevenin model was built to analyze the internal parameters of the battery. And the characteristics of polarization 
voltage were also discussed. The charging method was studied and the experiment result showed that the charging state of the 
battery can be improved by using this method. 
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1. Introduction  
With the development of the electric vehicles (EV), the lithium-ion battery have been used more and 
more widely[1~3]. At the same time, the charging methods of batteries have been studied in detail. Many 
battery charging strategies have been proposed with the development of EV, such as constant trickle 
(CTC), constant current (CC), constant voltage (CV), and constant current constant voltage (CCCV) 
battery charge strategies [4~6]. 
In order to improve the charging effect of lithium ion battery, the influence of the battery state was 
considered as well as the charging current and charging waveform. With the increase of SOC, the battery 
polarization voltage should be fully considered in the process of charging to improve the ability of being 
charged[7]. 
2. Battery paramter  
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In order to determine the negative pulse charging parameters, a reasonable battery model was set up to 
determine the internal parameters of lithium-ion battery, which was shown in Fig. 1. The second order 
Thevenin model is built. The polarization impedance was divided into R1 and R2 respectively. 
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Fig. 1 Thevenin battery model with second order  
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On the basis of the battery model, the OCV-SOC test curve of each 10% SOC point was obtained by 
using the method of OCV-SOC test method, which was shown in Fig. 2. 
0 10000 20000 30000 40000 50000 60000
3.0
3.5
4.0
4.5
 Voltage
 Current
Charging Time (s)
Ba
tte
ry
 v
ol
ta
ge
(V
)
0
2
4
6
Ch
ar
gin
g 
Cu
rre
nt
 (A
)
  
Fig.2 Test curve about OCV-SOC 
Pure resistance characteristic of the battery was described by the ohmic resistance Ro. The 
instantaneous voltage variation reflected the ohmic resistance characteristics of battery, so 
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The characteristics of polarization voltage were shown by RC network, the zero input response and 
zero state response of the RC circuit were shown as (3) and (4). 
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Fomula (3) described the setup procedure of the polarization voltage when the battery was being 
charged, and formula (4) described the regression process of the polarization voltage when the charging 
had been stopped. Upi(0) was the initial voltage of RC just before the battery started to be charged at each 
stage. 
3. Battery Charging method with negative pulse  
The negative pulse charging method could be established if the parameters of the Thevenin battery 
model had been determined first. 
According to function (4) and (1), the variation trend of the polarization voltage with the time of the 
negative pulse charging could be expressed as the following: 
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Where [0, tchr] represented the positive charge time within a period, Upi(tch) indicated that the 
polarization voltage of the polarization network at the end of positive charge cycle. [tchr, T] represented 
the negative pulse discharge time within a period. When the discharge rate was 1C, the negative pulse 
time of the SOC could be got as shown in Tab. 1. 
Table 1 The negative pulse discharge time of each 10%SOC required to obtain zero polarization voltage 
SOC 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Discharge time/s 17.15 30.53 46.86 39.58 18.53 18.26 27.32 37.07 16.34 
4. experiment  
For lithium-ion battery internal polarization voltage was relatively small, the use of negative pulse 
charging control strategy was able to promote the charging rate of lithium-ion battery, the experimental 
method was as follows: (1) charging the batteries by using the negative pulse charging strategy; (2) As a 
contrast experiment, using 1C charging current before the voltage increased to 4.2V, then using the 
constant voltage charging method  until the current is less than 0.25A. In the experiment, the voltage 
variation of a single cell in the charging process was monitored by using BMS. The data was shown in 
Fig. 3 and Fig. 4 respectively. Through the above experimental data, it could be concluded that the charge 
times of the two charging methods were shown in Fig. 5. 
From the experimental results, it can be seen that the negative pulse charging method couldn’t improve 
the charging rate, which had more effect on the lead acid battery. Possibly because the polarization 
voltage was not high during the lithium-ion battery charging, it had little effect on the charging rate. On 
the other hand, the negative pulse charging  control strategy used in the experiment needed further 
improvement. Some papers showed that the negative pulse charging method could improve the cycle life 
of lithium-ion battery[8], and it would be further studied in the future research. 
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5. Conclusions 
In this paper, the effect of negative pulse charging  method on the charging rate of lithium ion batteries 
was analyzed. The negative pulse charging strategy was designed based on the battery modelˈwhich was 
also discussed and built in detail. The experimental results showed that the negative pulse charging 
method couldn’t improve the charging efficiency of lithium-ion battery. The negative pulse charging 
control strategy needed to be optimized in the further step to improve the charging ratein the future 
research. 
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Fig.3 Charging curve with negative pulse                              Fig.4 Charging curve with CCCV 
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Fig.5 Charge rate of two kinds of charging method 
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